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GLVSOD\ WKH DXWKRUL]HG VSHHG OLPLWV WR WKH GULYHUV EDVHG RQ WKHLU SRVLWLRQV 7KLV NLQG RI V\VWHP ZDV
DOUHDG\LPSOHPHQWHGLQ/$9,$SURMHFWE\XVLQJDVWDWLFVSHHGOLPLWVGDWDEDVH$QRWKHU(XURSHDQSURMHFW
526$77( DLPV WR KDYH D KDUPRQL]HG VSHHG OLPLWV GDWDEDVH 7KH DLP RI WKLV SDSHU LV WR SURSRVH D
GHYHORSPHQW PHWKRG IRU DQ HPEHGGHG ,6$ V\VWHP >@>@ 7ZR PDLQ SUREOHPV DSSHDU IRU WKH
GHYHORSPHQWRI VXFKV\VWHP7KH ILUVWRQHFRQFHUQV WKH WUDQVPLVVLRQRI WKHFRUUHFW LQIRUPDWLRQZKLFK
LPSOLHVDFRUUHFWORFDOL]DWLRQRIGULYHUV7KHVHFRQGRQHLVKRZWKHVSHHGGDWDEDVHZLOOEHLPSOHPHQWHG
NQRZLQJWKDW WKHV\VWHPPXVWWDNHLQWRDFFRXQWRIWHPSRUDU\VSHHGOLPLWV7KLVSDSHUSURSRVHVDQ,6$
V\VWHPWKDWZLOOWDNHWKHIRUPRIDZHEDSSOLFDWLRQ7KXVWKHVPDUWSKRQHLVMXVWDQLQWHUIDFHEHWZHHQWKH
GULYHUVDQGWKHVHUYHUZKLFKLVFRQWUROOHGE\WKHURDGDGPLQLVWUDWRU8SGDWLQJGDWDLVWKHQFHQWUDOL]HGDQG
WKHVPDUWSKRQHZLOOFRQWLQXDOO\TXHVWLRQWKHVHUYHUWRJHWWKHODWHVWLQIRUPDWLRQDOVRFDOOHGSXOOPHWKRG
7R WKLV D SUHGLFWLYHPRGHO LV SURSRVHG LQRUGHU WR UHPDLQ DSRVVLEOH FXWRII RI WKH*36 V\VWHPDQG D
ILOWHULQJ DOJRULWKP EDVHG RQ D YDULDEOH VDPSOH SHULRG XQVFHQWHG .DOPDQ ILOWHU FRPELQLQJ WR D PDS
PDWFKLQJDOJRULWKPZLOOEHLPSOHPHQWHGWRLPSURYHWKHGULYHUV¶ORFDOL]DWLRQ
&RQWH[WDQGVWDWHRIWKHDUW
3UHVHQWDWLRQRI,QWHOOLJHQW6SHHG$GDSWDWLRQ
2QHPDMRUUHDVRQWRHQFRXUDJHSHRSOHWRUHVSHFWVSHHGOLPLWVLVWKDWPRVWVWXGLHV>@RQURDGDFFLGHQWV
FRQYHUJHWRDUHGXFWLRQRIDFFLGHQWVIUHTXHQF\DQGVHYHULW\ZLWKDORZHUVSHHG)URPWKLVZLOOSROLWLFDO
VDQFWLRQVZHUH LQWURGXFHG VXFK DV DXWRPDWLF VSHHG FRQWURO0RUH UHFHQWO\ )UHQFK URDG VDIHW\ SROLFLHV
ZHUHUDWKHURULHQWHGRQSUHYHQWLRQPHDVXUHVVXFKDVLQIRUPDWLYHWHDFKLQJUDGDUV,QWHUPVRILQYHKLFOH
V\VWHPVLQWHOOLJHQWVSHHGDGDSWDWLRQVZHOOLOOXVWUDWHWKLVQHZSROLWLFDOGLUHFWLRQ

&RPELQHGZLWK D*36PRGXOH LQWHOOLJHQW VSHHG DGDSWDWLRQV GHDOZLWK GLIIHUHQWZD\V WR LQIRUP WKH
GULYHUVZKHUHYHUWKH\DUHWKHVSHHGOLPLWVRQWKHFXUUHQWGULYLQJVHFWLRQ7KLVFDQEHHLWKHUVWDWLFVSHHG
FRQVWDQW RU G\QDPLF VSHHG VKRUWWLPH OLPLWV WKDW DUH JHQHUDOO\ XVHG E\ RSHUDWRUV IRU URDG WUDIILF
PDQDJHPHQW ZHDWKHU SROOXWLRQ DFFLGHQW ,QWHOOLJHQW VSHHG DGDSWDWLRQ V\VWHPV JHQHUDOO\ FDQ KDYH
WKUHHGLIIHUHQWIXQFWLRQDOPRGHV
x,QIRUPDWLYHPRGHWKHGULYHULVVLPSO\LQIRUPHGRIWKHFXUUHQWVSHHGOLPLW
x9ROXQWDU\ DFWLYH PRGH WKH DFFHOHUDWRU SHGDO ZLOO KDYH QR HIIHFW EH\RQG WKH WKUHVKROG VSHHG
OLPLWDQGGULYHUZLOOEHDEOHWRSXWWKLVUHVWULFWLRQRII
x)RUFHGDFWLYHPRGH LW LV LGHQWLFDO WR WKHSUHYLRXVPRGHH[FHSW WKDW WKHGULYHUFDQQRW VKXW WKH
V\VWHPGRZQ
7RGD\WKHPDLQSUREOHPIRUWKHVHV\VWHPVLVWRXSGDWHWKHLQIRUPDWLRQLQWKHGDWDEDVH
6WDWHRIWKHDUW
7KH1RUZHJLDQ3XEOLF5RDGV$GPLQLVWUDWLRQ>@KDVPDGHDURDGGDWDEDVHWKDWFRQWDLQVVSHHGOLPLWV
DGGUHVVHV DQG JHRPHWULHV LQ RUGHU WR VWRUH URDG DWWULEXWHV DQG PDQDJH WKH QHWZRUN 7KH GDWDEDVH LV
XSGDWHGWZLFHD\HDU7KLVILUVWH[SHULPHQWXQGHUOLQHGWKHPDQDJHPHQWSUREOHPRIWKHGDWDEDVHDQGDOVR
WKHZD\WRXSGDWHWKHV\VWHP,Q)OHPLVK7UDQVSRUWDWLRQ0LQLVWU\HODERUDWHGDWUDIILFVLJQVGDWDEDVH
ORFDWHGE\WKHLUFRRUGLQDWHV>@2QFHDJDLQXSGDWLQJWKHGDWDEDVHLVVWLOOGUDZQRXW

$QRWKHU(XURSHDQSURMHFW526$77(DLPVWRKDYHDKDUPRQL]HGVSHHGOLPLWVGDWDEDVH526$77(
FRQVLVWHG RI WKH GHYHORSPHQW RI DQ LQWHJUDWHG VHW RI LQWHURSHUDEOH WRROV IRU GLJLWDO VWRUDJH DQG
PDLQWHQDQFHRIURDGDWWULEXWHVIRUGDWDH[FKDQJHDQGLQWHJUDWLRQ>@>@
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,Q)UDQFH/$9,$SURMHFWH[SHULPHQWHGWKHLPSOHPHQWDWLRQRIDQ,6$V\VWHPZLWKYHKLFOHVHTXLSSHG
RI*36RGRPHWHUDQGJ\URVFRSH7KHVROXWLRQSURSRVHGE\WKH/$9,$ZDVDQDXWRQRPRXVYHKLFOH,6$
V\VWHP QR LQIRUPDWLRQ ZDV WUDQVPLWWHG IURP WKH LQIUDVWUXFWXUH WR WKH YHKLFOH 7KLV VROXWLRQ KDV WKH
DGYDQWDJHWKDWQRLQYHVWPHQWLVUHTXLUHGRQLQIUDVWUXFWXUH+RZHYHULWKDVWKHGLVDGYDQWDJHWRXVHDVWDWLF
VSHHGGDWDEDVH>@7KLVSURMHFWKDVHPSKDVL]HGWKHFRPSOH[LW\DQGGLIILFXOWLHVIRUWKHFRQVWUXFWLRQRID
GDWDEDVHDQGLWVXSGDWHV$QRWKHUSURMHFWRIWKH)UHQFK3XEOLF5RDGV$XWKRULWLHVFRQVLVWHGWRHVWDEOLVKD
VSHHG OLPLWVGDWDEDVH WKDWDLPV WRKDYHFRPPRQVSHFLILFDWLRQDWQDWLRQDODQG ORFDO OHYHO >@7KH ODVW
VWHSQRZLVWRSURYLGHWKHXSGDWHGLQIRUPDWLRQWRWKHGULYHU
6\VWHPDQGWHFKQLFDOFKRLFH
:H KDYH KHUH WR GHYHORS DQ LQIRUPDWLYH LQWHOOLJHQW VSHHG DGDSWDWLRQ ,W ZLOO WDNH LQWR DFFRXQW RI
G\QDPLFVSHHGOLPLWV7KDWLVWRVD\WKHGULYHUZLOOMXVWEHLQIRUPHGE\DQLQGLFDWLRQRQWKHGDVKERDUGRI
WKH VSHHG OLPLWGHSHQGLQJRQKLV ORFDOL]DWLRQ ,6$VDOUHDG\H[LVW LQ WKHPDUNHWZLWKVRPH*36>@ >@
+RZHYHU SUREOHPV FRQFHUQLQJ WKH XSGDWH RI WKHVH GDWDEDVHV VWLOO H[LVW HVSHFLDOO\ IRU WHPSRUDU\ VSHHG
OLPLWV>@>@

7KHLQWHUHVWRIVXFKDSURMHFWLVWRLPSOHPHQWWKHV\VWHPLQDFKHDSDQGSRSXODUGHYLFH2XUFKRLFHZDV
RULHQWHGWRVPDUWSKRQHVWKDWGHPRFUDWL]DWLRQKDVEHHQSURYHGLQUHFHQW\HDUV7KH\DOVRFRQWDLQPRVWRI
WLPH*36FKLSVHWZKLFKLVQHFHVVDU\IRUORFDOL]DWLRQRIYHKLFOHV,WLVDOVRLPSRUWDQWWRNHHSLQPLQGWKDW
WKHGHYHORSPHQW LQ VXFKHQYLURQPHQW LV UHDOO\ UHVWULFWLYHPHPRU\SURFHVVLQJ WLPHHWF0RUHRYHUZH
KDYHKHUHDVHQVRUPRGHO,WPHDQVRXUV\VWHPKDVRQO\DVLQJOHVHQVRU,W LVFRPSOHWHO\GLIIHUHQWIURP
IRUPHU(XURSHDQH[SHULPHQWDWLRQVLQZKLFKWKHYHKLFOHZDVHTXLSSHGZLWKDVHULHVRIVHQVRUVZKLFKKHOS
IRUDEHWWHUFRUUHFWLRQRISRVLWLRQLQJHUURUV

,QRWKHUVZRUGVRQHREMHFWLYHRI WKLVZRUN LV WRPDNH WKH ODVW OLQNEHWZHHQ WKHGULYHUDQG WKH VSHHG
OLPLWV GDWDEDVH >@ 7KH FKRLFH KDV EHHQ GHFLGHG WR GHYHORS D ZHEDSS IRU D VPDUWSKRQH 7KH PDLQ
DGYDQWDJHLVWRKDYHDYHUVDWLOHDSSOLFDWLRQIRUDOOVPDUWSKRQHVSODWIRUPVWKDWLVWRVD\LWZLOOEHSRVVLEOH
WR UXQ LW LQ GLIIHUHQW26 L26$QGURLG:LQGRZV3KRQH HWF7KH HPEHGGHG V\VWHPZRXOG MXVW EH D
VLPSOHLQWHUIDFHEHWZHHQPDQDQGWKHGDWDEDVHVHUYHU7KXVXVHUVZLOOSHUPDQHQWO\PDNHWKHLUXSGDWHV
RQ WKH IO\ GXULQJ D WULS )XUWKHUPRUH WKH V\VWHP ZLOO DOVR EH DEOH WR GHOLYHU WKH ODVW XSGDWHG VSHHG
LQIRUPDWLRQ EHFDXVH DOO PRGLILFDWLRQV RI VSHHG OLPLWV ZKHWKHU VWDWLF RU G\QDPLF ZLOO EH GRQH LQ WKH
FHQWUDOL]HGVHUYHUZKLFKKRVWVWKHGDWDEDVH
/RFDOL]DWLRQ6\VWHP
7KH*36VLJQDOQRLVHFDQLQGXFHDORFDOL]DWLRQHUURU7KLVVHFWLRQDLPVWRSURYLGHDSUHGLFWLYHPRGHOWR
HVWLPDWHWKHQH[WSRVLWLRQRIDYHKLFOHIURPWKHSUHYLRXVSRVLWLRQV7KHDGYDQWDJHRIWKLVDSSURDFKLVWR
FRQWLQXHWRSURYLGHLQIRUPDWLRQLQWKHVPDUWSKRQHHYHQZKHQWKH*36LVRXWRIVHUYLFHDQGWRSURSRVHD
PRGHOIRUDQDSSOLFDWLRQRIWKH.DOPDQILOWHU
0RGHORIPRWLRQ
:HILUVWDVVXPHWKDWWKHYHKLFOHWUDYHOVRQDFOHDUVWUDLJKWURDG6RWKHYHKLFOHORFDOL]DWLRQLVSURYLGHG
E\WKH*36DWDQ\WLPH7RFRPSXWHWKHQH[WSRVLWLRQVRIWKHFDUZHZLOOXVHDQDSSUR[LPDWHG\QDPLF
PRGHOFDOOHGWKH³QHDUO\FRQVWDQWYHORFLW\´1&9PRGHO>@>@7KHYHORFLW\YHFWRUFDOFXODWHGIURPWKH
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ODVWWZRSRVLWLRQVSURYLGHGE\WKH*36HQDEOHVXVWRGHWHUPLQHWKHPRYHPHQWGLUHFWLRQDQGDQHVWLPDWLRQ
RIWKHQH[WSRVLWLRQFRRUGLQDWHV6XSSRVHDVWDWHYHFWRU;
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DQGLWVFRYDULDQFHPDWUL[LVY<LVWKHRXWSXWRIWKHV\VWHPLWUHSUHVHQWVZKDWZHZDQWWRREVHUYHKLV
WKH RXWSXW IXQFWLRQ$VZHZDQW WR UHWULHYH WKH VWDWH WKDW¶V WR VD\; K FRUUHVSRQGV WR WKH LGHQWLW\
IXQFWLRQ7KLVPRGHOPHDQV WKDW WKH WDUJHWYHORFLW\ LVJHQHUDOO\FRQVWDQWH[FHSW YLDSHUWXUEDWLRQV WR LWV
DFFHOHUDWLRQWKURXJKZ

7DNLQJ LQWRDFFRXQW WKHVDPSOLQJSHULRG WHZKLFK LV WKH LQVWDQWEHWZHHQ WZR*36PHDVXUHPHQWV WKH
GLVFUHWL]DWLRQRIWKHVWDWHHTXDWLRQHQDEOHVXVWRZULWH

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
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   



1H[WSRLQWSUHVHQWVVLPXODWLRQUHVXOWVZLWKWKH1&9PRGHO
0RGHOLQJIRUUHFWLOLQHDUPRYHPHQW
6XSSRVHDYHKLFOH WUDYHOLQJRQD UHFWLOLQHDU URDGDWDFRQVWDQWVSHHGRINPK:HVLPXODWH WKH*36
VLJQDOVE\DGGLQJD*DXVVLDQZKLWHQRLVHWRWKHYHKLFOHUHDOSRVLWLRQV)RU1&9PRGHOVLPXODWLRQUHVXOWV
DUHSUHVHQWHGLQWKHQH[WILJXUHV

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PHDVXUHPHQWV IURP*36 DUH FRQVLVWHQW WKH SUHGLFWLRQV DUH JRRG+RZHYHUZKHQ WKH*36 VLJQDOV DUH
GHJUDGHGWKHHVWLPDWLRQVVKRZXVVLJQLILFDQWHUURUV

)RUWKHILJESUHGLFWLRQVUHPDLQXQFHUWDLQZKHQZHVLPXODWHD*36FXWRIIIRU[ȯ>PP@:KHQ
WKHODVWWZRSRVLWLRQVJLYHQE\WKHVHQVRUDUHEDGWKHSUHGLFWHGSRVLWLRQVZLOOGLYHUJHEHFDXVHWKHHUURUV
SURJUHVVLYHO\DGGHDFKRWKHU
0RGHOLQJIRUEHQGWUDMHFWRU\
:HFKRRVHQRZDFXUYHURDGGHVLJQHGIRUDFDU>@DQGDJ\UDWLRQUDGLXVIL[HGDWP:HFDQVHHWKDW
WKH HVWLPDWLRQ HUURUV HVSHFLDOO\ DSSHDU GXULQJ WKH EHQG $SSURDFKLQJ LW WKH SUHGLFWHG SRVLWLRQV DUH
FRPSXWHGIRUDUHFWLOLQHDUPRWLRQZKHUHDVWKHFDUWXUQHGLQDQRWKHUGLUHFWLRQ7KHVLWXDWLRQZRUVHQVZKHQ
*36VLJQDOVDUHXQDYDLODEOHEHFDXVHHUURUVDUHSURJUHVVLYHO\DGGHG:HFDQSRLQWZLWKWKHVHVLPXODWLRQV
WKDWLIZHKDYHQRNQRZOHGJHRIWKHHQYLURQPHQWOLNHDPDSLWLVQRWSRVVLEOHWRKDYHDJRRGSUHGLFWLRQ
,Q IDFW WKHPDS HQDEOHV WR FRUUHFW VHQVRU HUURUV E\ UHDGMXVWLQJ WKH YHKLFOH SRVLWLRQ LQ WKH URDG PDS
PDWFKLQJ


)LJ:LWKRXW*36FXWRIIJUHHQDQGZLWK*36FXWRIIEOXHVLPXODWLRQVREWDLQHGZLWKWKH1&9PRGHOIRUDFXUYHURDG

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&RUUHFWLRQE\,Q2I2UGHU.DOPDQ
2QHRIWKHLPSOLFLWK\SRWKHVHVRIVLPSOH.DOPDQILOWHULVWKDWVDPSOLQJSHULRGDVVXPHGWREHFRQVWDQW
+RZHYHULQSUDFWLFH*36PHDVXUHVDUULYHZLWKVRPHGHOD\GXHWRWKHFRPSXWDWLRQSURFHVVRUWUDQVSRUW
LQIRUPDWLRQ WLPH 7KXV EHFDXVH RI D YDULDEOH VDPSOH SHULRG WKH VWDWH V\VWHP EHFRPHV QRQOLQHDU ,W
PHDQVWKDWWKHVLPSOH.DOPDQILOWHULVQRWDSSOLFDEOHLQUHDOFDVH7KDW¶VZK\LWLVQHFHVVDU\WRXVHDPRUH
VRSKLVWLFDWHGILOWHUIRUQRQOLQHDUV\VWHPDVWKHH[WHQGHG.DOPDQILOWHURUXQVFHQWHG.DOPDQ>@>@)RU
WKLV SUREOHPDWLF ZH KDYH EHHQ LQVSLUHG IURPZRUNV RI* / 3OHWW' =DU]KLWVN\ DQG' - 3DFN >@
ZKLFKSURSRVHGDGHULYDWHGXQVFHQWHG.DOPDQFDOOHG,QRI2UGHU.DOPDQ7KLVILOWHUKDVWKHSURSULHW\WR
GHDO ZLWK QRQOLQHDU V\VWHP DQG YDULDEOH VDPSOH SHULRG 7KHLU DOJRULWKPZDV RULJLQDOO\ GHVWLQDWHG IRU
XQPDQQHGDLUYHKLFOH:HDGDSWHLWIRURXURZQSUREOHPDWLF

WP LV WKH LQVWDQWZKHQ WKHPHDVXUHPHQW LVGRQH WD LV WKH LQVWDQWZKHQ WKH LQIRUPDWLRQ DUULYHV LQRXU
V\VWHPIRUFRPSXWLQJ%\GHILQLWLRQZHKDYHWD WPGWGWLVDGHOD\W[LVWKHODVWSUHYLRXVWLPHZKHUH
WKHVWDWHLVSUHGLFWHG

x ,QLWLDOL]DWLRQ 3 DQG [ DUHIL[HG
x 8SGDWHWLPH WS W[W[ WPDQGW W[WS
x &DOFXODWLRQRIVLJPDSRLQWV
)RUL «Q]

 

:LWK3]] GLDJ3NN4NDQGQ] GLP[N
x 8SGDWHWLPHRIWKHVWDWHHVWLPDWLRQ   
   
x 8SGDWHWKHHUURUFRYDULDQFH    
3[W[ $W3[W$W7  
x 7UDQVIRUPDWLRQRIVLJPDSRLQWVRXWSXWHTXDWLRQ
   
    
x &DOFXODWLRQRIWKHRXWSXWFRYDULDQFH
 
x &DOFXODWLRQRILQWHUFRYDULDQFH
  
x 6WHS&RUUHFWLRQ
  
  
    

:H WKHQ VLPXODWH WKLV ILOWHU IRU D UHFWLOLQHDU WUDMHFWRU\:H WU\ WR FRPSDUH WKH SHUIRUPDQFH RI WKH
VLPSOH.DOPDQILOWHUUHGDQGWKH,QRI2UGHU.DOPDQILOWHUEOXHE\SORWWLQJWKHSRVLWLRQLQJHUURUVLQ
ERWK FDVHV LQ )LJXUH  ,W FOHDUO\ VKRZV XV WKDW WKH HVWLPDWLRQ HUURUVZLWK WKH ,QRI2UGHU.DOPDQ DUH
QHDUHUWR]HURDQGLWVFRQYHUJHQFHLVIDVWHUWKDQWKHVLPSOH.DOPDQILOWHU  
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    
)LJ3RVLWLRQLQJHUURUVEHWZHHQVLPSOH.DOPDQILOWHUUHGDQG.DOPDQ,QRI2UGHUILOWHUEOXHLQFRPSDULVRQWRYHKLFOHUHDO
SRVLWLRQV
:HLJKWLQJPDSPDWFKLQJDOJRULWKP
:HKDYHVHHQWKDWRXUSUHGLFWLRQPRGHOVVKRZHGVRPHHUURUVHYHQDIWHUFRUUHFWLRQV,QSDUWLFXODU LQ
WKH FDVH RI D FXUYH URDG WKH GLIIHUHQFH EHWZHHQ WKH UHDO SRVLWLRQV DQG WKH SUHGLFWHG RQHV PD\ EH
LPSRUWDQW7ROLPLWWKLVSKHQRPHQRQZHDGGDPDSPDWFKLQJVWHS>@>@LQVSLUHGIURP'DQLVKZRUNV
>@:HMXVWVLPSOLI\LWIRURXUSUREOHPDWLF

7KLV LV DZHLJKWLQJPDSPDWFKLQJ DOJRULWKPZH VHOHFW VRPHSRVVLEOH VHFWLRQV DQG WKHQ DSSO\ VRPH
ZHLJKWVWRWKHVHFDQGLGDWHVHFWLRQVZKHQWKH\YHULI\VRPHFULWHULD7KHVHFWLRQZLWKWKHPD[LPDOZHLJKW
FRUUHVSRQGVWRRXUFXUUHQWVHFWLRQ>@>@

x5HWULHYH WKH YHKLFOH SRVLWLRQV:HXVH*36GDWDZKHQ LW LVDYDLODEOH ,IQRW WKHSUHGLFWHGSRVLWLRQV
ZLOOEHXVHG
x,GHQWLILFDWLRQ SRO\OLQHV FDQGLGDWHV:HGUDZDEXIIHU FHQWHUHG WR WKH FDU DQGZLWK DW OHDVW D UDGLXV
FRUUHVSRQGLQJ WR WKH *36 VHQVLWLYLW\ DERXW P $OO VHFWLRQV LQWHUFHSWLQJ WKH EXIIHU DUH FDQGLGDWH
VHJPHQWV
x:HLJKW WR WKHQHDUHVWSRO\OLQH ,W LVQDWXUDO WR WKLQN WKDW WKHQHDUHVWSRO\OLQHPDWFKHV WR WKHFXUUHQW
VHFWLRQ7KDWLVZK\ZHDSSO\WKHODUJHVWZHLJKW: IRUWKHFORVHVWVHFWLRQWRWKHSUHVXSSRVHG
YHKLFOH SRVLWLRQV )RU WKH UHPDLQLQJ VHFWLRQV ZH DSSO\ ZHLJKWV EDVHG RQ WKH GLVWDQFH WR YHKLFOH
SRVLWLRQV
: LIGLVWYHKLFOHVHFWLRQP
: LIGLVWYHKLFOHVHFWLRQP
: LIGLVWYHKLFOHVHFWLRQP
x:HLJKWIRUSRO\OLQHFRQWLQXLW\:LVDSSOLHGWRDOOVHFWLRQVZKLFKKDYHDQLQWHUVHFWLRQSRLQWZLWKWKH
PD[LPXPZHLJKWSRO\OLQHRISUHYLRXVLQVWDQW: ,IWKHFXUUHQWFDQGLGDWHSRO\OLQHLVWKHVDPHDV
LQWKHSUHYLRXVVWHSWKHPD[LPXPZHLJKWRILVDSSOLHG,QRWKHUFDVHV:LVHTXDOWR]HUR
x:HLJKWIRUVSHHGFRQWLQXLW\,IWKHFDQGLGDWHSRO\OLQHVVSHHGOLPLWVDUHWKHVDPHDVWKHSUHYLRXVRQH
: 2WKHUZLVHWKHZHLJKW:LVHTXDOWR]HUR
x:HLJKW WR WKH QHDUHVW SRO\OLQH ,I WKHFORVHVWSRO\OLQH LVQRW WKHPD[LPDOZHLJKW VHFWLRQZHDGGD
ZHLJKW: 7KLVZHLJKWLQWHQGVWROLPLWWKHSUREOHPVRISDUDOOHOURDGV
x7RWDOZHLJKW)RUHDFKSRO\OLQHZHFRPSXWH:WRW :::::HUHWDLQWKHPD[LPDORQH

,QRUGHUWRWHVWWKHPDSPDWFKLQJDOJRULWKPZHVLPXODWHYHKLFOHSRVLWLRQRQDUHJXODUWULS5HVXOWVDUH
SUHVHQWHGLQWKHQH[WWDEOH
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7DEOH3HUIRUPDQFHIRU0DS0DWFKLQJDOJRULWKPVLPXODWLRQVLQVHYHUDOFDVHV
7\SHRIVLPXODWLRQ &RUUHFW0DS
PDWFKLQJ
6LPSOHPDSPDWFKLQJ 
:HLJKWLQJPDSPDWFKLQJ 
.DOPDQ,Q2I2UGHU:HLJKWLQJPDSPDWFKLQJ 

:HVHH WKDW WKH VLPSOHDOJRULWKPPDSPDWFKLQJZKLFK MXVWFRQVLVWV WR ILQG WKHFORVHVW VHFWLRQ LV WKH
OHVVHIILFLHQWZLWKFRUUHFWHGPDWFKHGVHFWLRQV0RVWHUURUVDUHJHQHUDOO\ORFDWHGDWWKHLQWHUVHFWLRQV
SDUDOOHO URDGV DQG WKH URXQGDERXWV 7KH ZHLJKWLQJ PDSPDWFKLQJ DOJRULWKP FDQ OLPLW VRPH RI WKHVH
HUURUV:HJHWIRUWKHVLPXODWLRQDVXFFHVVUDWHRIDERXW7KHODVWVLPXODWLRQZDVDFRUUHFWLRQRI*36
GDWDZLWKDQ,Q2I2UGHU.DOPDQILOWHUFRPELQLQJZLWKDZHLJKWLQJPDSPDWFKLQJDOJRULWKP5HVXOWVDUH
EHWWHUZLWKDFRUUHFWPDWFKLQJUDWHRI
([SHULPHQWDOUHVXOWV
:H GHFLGHG IRU WKH H[SHULPHQWDO WR ZRUN RQ D GDWDEDVH HVSHFLDOO\ FUHDWHG IRU WKH WHVWV
([SHULPHQWDWLRQV WRRN SODFH DW WKH&(7( ,OH'H)UDQFH:H ILUVW GLJLWL]H WKH GLIIHUHQW VHFWLRQV LQ WKH
GDWDEDVH

 
)LJ0RGHOLQJWKH&(7(,OHGH)UDQFHVLWHIRUDQH[SHULPHQWDOWHVW

:HILUVWWHVWDVLPSOHPDSPDWFKLQJDOJRULWKPZLWKWKHUDZ*36GDWD:HKDYHSHUIRUPHGLWVHYHUDO
WLPHVZLWKGLIIHUHQWVSHHGV7KHUHVXOWVDUHVKRZQEHORZ
Ϭ
Ϭ͕Ϯ
Ϭ͕ϰ
Ϭ͕ϲ
Ϭ͕ϴ
ϬͲϭϬ ϭϬͲϭϱ ϭϱͲϮϬ ϮϬͲϮϱ ϮϱͲϯϬ ϯϬͲϰϬ ϰϬͲϱϬ
й
Ğƌ
ƌŽ
ƌŽ
Ĩŵ
Ăƚ
ĐŚ
ŝŶ
Ő
^ƉĞĞĚ;ŬŵͬŚͿ

)LJ0DWFKLQJHUURUVLQIXQFWLRQRIYHKLFOHVSHHGZLWKUDZ*36GDWD
2119 Van-Bao Ta et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  2111 – 2120 

(UURUVWHQGWRLQFUHDVHZLWKVSHHG7KXVDORZVSHHGNPKSURYLGHVDERXWRIFRUUHFWUHVXOWV
%HWZHHQDQGNPKWKHDSSOLFDWLRQSURYLGHVRIFRUUHFWVSHHGV%H\RQGHUURUVDUHKLJKHURYHU
 7ZR FDWHJRULHV RI HUURUV HPHUJH IURP WKLV H[SHULPHQWDWLRQ WKH *36 VLJQDO LV SRRU VR WKDW WKH
DSSOLFDWLRQFRXOGQRWILQGWKHULJKWVHFWLRQWKHULJKWVSHHGKDVEHHQIRXQGEXWWKHVPDUWSKRQHGLVSOD\HGLW
WRRODWH
:HWKHQSHUIRUPWKHVDPHH[SHULPHQWDWLRQXVLQJWKHZHLJKWLQJPDSPDWFKLQJDOJRULWKP7KHUHVXOWV
DUHVXPPDUL]HGEHORZ
Ϭ
Ϭ͕Ϯ
Ϭ͕ϰ
Ϭ͕ϲ
ϬͲϭϬ ϭϬͲϭϱ ϭϱͲϮϬ ϮϬͲϮϱ ϮϱͲϯϬ ϯϬͲϰϬ ϰϬͲϱϬ
й
Ğƌ
ƌŽ
ƌŽ
Ĩŵ
Ăƚ
ĐŚ
ŝŶ
Ő
^ƉĞĞĚ;ŬŵͬŚͿ

)LJ0DWFKLQJHUURUVLQIXQFWLRQRIYHKLFOHVSHHGZLWKZHLJKWLQJPDSPDWFKLQJDOJRULWKP

:HKDYHIHZHUVSHHGOLPLWVHUURUV%XWIRUKLJKVSHHGVHUURUVDUHVWLOOLPSRUWDQWDURXQGIRU
NPK7KHPDWFKLQJFDQUHGXFHDERXWWRRIHUURUVZKLFKLVVLJQLILFDQW
)LQDOO\ZHSHUIRUPWKHODVWH[SHULPHQWE\DSSO\LQJWKHDOJRULWKPZKLFKFRPELQHVDPDSPDWFKLQJ
DQGDILOWHU
Ϭ
Ϭ͕Ϯ
Ϭ͕ϰ
Ϭ͕ϲ
ϬͲϭϬ ϭϬͲϭϱ ϭϱͲϮϬ ϮϬͲϮϱ ϮϱͲϯϬ ϯϬͲϰϬ ϰϬͲϱϬй
Ğƌ
ƌŽ
ƌŽ
Ĩŵ
Ăƚ
ĐŚ
ŝŶ
Ő
^ƉĞĞĚ;ŬŵͬŚͿ

)LJ([SHULPHQWDOUHVXOWVZLWKVLPSOH.DOPDQILOWHUFRPELQLQJWKHZHLJKWLQJPDSPDWFKLQJDOJRULWKP

7KHUHVXOWVDUHVOLJKWO\EHWWHUFRPSDUHGWRWKHSUHYLRXVFDVH7KHLPSOHPHQWDWLRQRIWKHILOWHUUHGXFHV
E\ DERXW  WRHUURUZKLFK LV TXLWH ORZJLYHQ WKHQXPEHURI FRPSXWDWLRQV0RUHRYHUZHQRWH WKDW
VRPHWLPHVWKHQXPEHURIHUURUVFDQEHPRUHLPSRUWDQWLQWKHSUHYLRXVFDVH7KLVFDQEHH[SODLQHGE\WKH
GHOD\GXHWRWKHFRPSXWLQJWLPHWKHLQIRUPDWLRQDUULYHVWRRODWH
&RQFOXVLRQ
7KLV SDSHU GHVFULEHV WKH GHYHORSPHQW RI DQ ,6$:H ILUVW SURSRVH D SUHGLFWLYH PRGHO LQ RUGHU WR
UHPDLQLQVWDQWVZKHUHQRLQIRUPDWLRQIURPWKH*36LVDYDLODEOH6LPXODWLRQVVKRZXVWKDWDVLPSOHPRGHO
LVQRWVXIILFLHQWWRORFDOL]HWKHYHKLFOH7KDWLVZK\ZHLPSOHPHQWDYDULDQWRI.DOPDQILOWHUZKLFKERWK
WDNHVDFFRXQWRIVLJQDOVGHOD\VDQGWKHQRQOLQHDULW\RIWKHV\VWHP([SHULPHQWDOUHVXOWVDUHEHWWHUEXWVWLOO
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QRW VDWLVI\LQJ )LQDOO\ D FRPELQDWLRQ RI .DOPDQ ILOWHU DQG PDSPDWFKLQJ DOJRULWKP SURYLGHV WKH EHVW
UHVXOWV LQ ORZ VSHHG )RU KLJKHU VSHHG UHIUHVK WLPH VHHPV WR EH QRW IDVW HQRXJK WR SURYLGH WKH
LQIRUPDWLRQWRWKHGULYHUDWWKHULJKWLQVWDQW
+RZHYHUWKHUHDUHVHYHUDOZD\VWRLPSURYHWKHDSSOLFDWLRQ)LUVWZHFDQLPDJLQHXVLQJDEHWWHU*36
FKLSVHWZLWKDVKRUWHUUHIUHVKWLPHWRORFDOL]HWKHYHKLFOH%HVLGHRIWKDWZHKDYHVHHQWKDWWKHILOWHUFDQ
SURYLGHDGHOD\RIVHFRQGVGXHWRFRPSXWDWLRQV3HUKDSVWKHDOJRULWKPQHHGVWREHRSWLPL]HG)RUWKH
H[SHULPHQWDWLRQ LW ZRXOG DOVR EH LQWHUHVWLQJ WR WHVW WKH ,QRI2UGHU.DOPDQ RU HYHQ WKH2XWRI2UGHU
.DOPDQZKLFKPHDQV*36PHDVXUHPHQWVDUULYHRXWRIRUGHULQVWHDGRIWKHVLPSOH.DOPDQ)LQDOO\DQ
LPSRUWDQWZRUNRQWKHGDWDEDVHPXVWEHGRQHWRIDFLOLWDWHWKHPDWFKLQJE\XVLQJIRUH[DPSOHDQH[LVWLQJ
PDSGDWDEDVHOLNH2SHQ6WUHHW0DS
7KLVSURMHFWLVDGHPRQVWUDWRUZKLFKDLPVWRVWLPXODWHWKHGHSOR\PHQWDWDQDWLRQDOVFDOHRID6SHHG
$OHUW VHUYLFH7KHSURSRVHGVHUYLFH OLPLWHG WR WKHSHULPHWHURI WKH&(7(,')VLWHPXVWEH WHVWHGRQD
ODUJHU VFDOH VXFK DV WKH<YHOLQHV&RXQW\ )LQDOO\ WHFKQLFDO VROXWLRQV LPSOHPHQWHG VKRXOG EH VFDODEOH
WKDW LV WR VD\ WKH WUDQVLWLRQ WR D ODUJHU VFDOH PXVW EH SRVVLEOH ZLWKRXW KDYLQJ WR UHYLVH WKH WHFKQLFDO
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